treatment into fresh water bodies which makes poor water quality. This polluted water is utilized by human for drinking, domestic, agriculture and industrial purposes.
Sugar factories are based on agriculture which are playing major role for strengthening national economy and social development of a country [4] , [5] . The activities of sugar mills require huge quantum of fresh water for milling processes and subsequently releasing of bulk effluent into the environment. Factories are consumers of huge volume of freshwater; wastewater contains high level of contaminants such as, suspended solids, organic and inorganic matter and chemicals. Most chemicals used in sugar processing are toxic; if not well treated might ultimately find their course into the streams which make poor quality of fresh water bodies [6] .
The sugar mills generate effluent which makes environmental problems related to water and land pollution. The wastewater generated from sugar mills infiltrate into subsoil and leaches into ground water forming contaminated pool which disturb the groundwater quality by changing its chemical composition property [7] . The untreated wastewater discharging from these industries contaminates surface and ground water. It also damages eco-system of water bodies such as left bank outfall drainage (LBOD) system.
II. RESEARCH AREA
The left bank outfall drain (LBOD) system covers areas of districts Shaheed Banazirabad, Sanghar, Mirpurkhas and Badin. The LBOD system serves to drain out agricultural effluent from the area of about 1.27 million acres and storm water from its catchment. In this catchment area and its surrounding districts, there are seventeen (17) sugar industries which are shown in Fig. 1 . These industries are in functional but without in-house treatment plants for their effluents.
The untreated water of these Sugar mills has been released into surface drains of the LBOD system [8] . However, disposing points for some industries are still not identified. These are discharging their effluent in open surface of LBOD catchment area. Sugar industries" names and disposal points of their effluents are described in Table I .
Samples were collected from these sugar industries before discharging into their disposing locations; These samples were collected in clean polyethylene bottles and transported to Soil and Water Testing Laboratory of Pakistan Council of Research in Water Resources (PCRWR), which is located at Drainage and Reclamation Institute of Pakistan (DRIP), Tando Jam, for analysis. However, pH and Dissolved oxygen (DO) values were observed and recorded at the site. 
III. RESULTS AND DISCUSSIONS

A. Analysis of Collected Sugar Mills' Effluents
The wastewater samples of the Sugar Industries were collected and analyzed. The results of analyzed parameter are as follows:
1) pH value
The pH measure of acidic or basic (alkaline) nature of a solution normal range varying from 6.2 to 8.5 provides protection for life of freshwater fish and bottom dwelling invertebrates. Fig. 2 shows that pH values of analyzed of samples of Sugar Mills along with lower and upper NEQS limit. Some sugar mills viz. Ansari, T M Khan, Dewan and Pangrio show pH value below the lower limit. The lower pH values of these Mills may cause of degrading water quality. Extreme changes in pH (acidity and alkalinity) can exert stress conditions or destroy aquatic life. 
2) Electrical conductivity (EC)
The electrical conductivity (EC) of analyzed samples are ranging from 1131 to 26,100 S/m, (Fig. 3) shows that there is no any single industry whose value is within permissible level as the permissible is 680 S/m NEQS. 
3) Total dissolved solids (TDS)
The analyzed TDS values of samples of Sugar Industries are ranging from 703 to 16,704 mg/L which shows a big variation of sugar industries effluent LBOD project area (Fig.  4) . The values of TDS of most of the samples are higher values than permissible NEQS limit. TDS are correlated fairly well to the total mineral content of the water (deposits left after evaporation of a water sample), primarily salts, carbonates and metals. A high concentration of TDS is an indicator of possibly high value of contamination. However, some industries have relatively less TDS value (1000 gm/L), which area Sindh Abadgar, Army, Mirza and Khoski. 
4) Total suspended solids (TSS)
Total suspended solids (TSS) are aesthetically displeasing, the settle to form sludge deposits in water body, these cover the bottom with a blanket of material that can destroy fish food fauna and flora. Results show that TSS of Seri and Digri mills are only within permissible NEQS limits. Sample collected from T M Khan Sugar mill shows highest values of 32,720 mg/l, follows by that of Al-Abas the second highest, than those of Ansari, Matiari and Shah Murad sugar mills having TSS values of more than 3000 mg/l. TSS value samples from Tharparkar and Mirza sugar industries are at the borderline (see Fig. 5 ). Deposits containing organic materials may deplete bottom oxygen supplies and may produce noxious gases such as hydrogen sulphide, carbon dioxide and methane. 
5) Dissolved oxygen (DO)
It is one of very important parameter in water quality assessment i.e. index of physical and biological process going in water. The DO level in natural as well as waste water depends on physical, chemical and biological activities of water bodies. Aquatic ecosystem is totally depends on dissolved oxygen various biochemical changes.
The recommended value of dissolved oxygen in normal drinking water is 8 mg/l and high dissolved oxygen was found its normal value [9] . Dissolved oxygen (DO) is an indicative of oxygen depletion.
Samples collected from Habib and Bawani sugar mills are normal as per permissible NEQS limits; however samples analyzed values of all other sugar mills are abnormal (see Fig.   6 ) It was observed that number of fish was found dead due to depletion of oxygen content in the LBOD system where effluent of sugarcane was discharged without treatment (see Plate 1) Plate 1. Dead fish found in the LBOD system.
6) Biological oxygen demand (BOD 5 )
Measure of oxygen consuming capabilities of organic matter, BOD 5 , of collected samples effluents from Sugar industries is varying from 24 to 2,236 mg/L (see Fig. 7 ). The BOD 5 values are higher for all Sugar Mills except Army and Bawani sugar mills. If proper treatment be done these values can be reduced to the NEQ permissible limit. 
7) Chemical oxygen demand (COD)
The COD test is used to measure the oxygen equivalent of the organic material in wastewater that can be oxidized chemically using dichromate. The COD test that can be completed in only 2.5 hours, BOD 5 test takes 5 or more days, Sugar Mills effluent is varying from 59 to 26,760 mg/l. The analysis shows higher values except Seri, Army and Bawani Sugar Mills. Hence, it is concluded that quality of effluent of Seri, Army and Bawani sugar mills is good and fit for ecological habitats and other aquatic life. It has been observed that the water consumption/utilization from these drains is also used for various purposes viz., agriculture, fish ponds and used for drinking purpose of animals. These contaminated water bodies became more harmful for aquatic life and increase soil salinity when used for irrigated agriculture. Hence, untreated effluents of sugar mills may not be discharged into water bodies without any treatment, which will contaminate the water bodies.
The main options for dealing with the wastewater production of sugar mills consist of in-plant practices to reduce the production of wastewater, regulated land disposal and end-of-pipe treatment suggested by [10] .
IV. IMPACTS OF EFFLUENT ON HEALTH OF COMMUNITY
The chemical and poisonous industrial waste discharged by sugar mills in Badin district is becoming serious health hazards who are suffering from various skin and other diseases such as asthma, eye infection etc.
Reference [11] demonstrates rashes on the body of newborn baby (Plate 2), showing terrible aspect of the skin diseases caused by chemical waste transforming through her mother.
Plate 2. Horrific aspect of skin disease on body of new born baby [11] .
V. SOIL DEGRADATION AND GROUNDWATER CONTAMINATION
Sugar factories effluents seeping through soil from unlined ponds, drains, lagoons or dumps and spills contaminate the groundwater. It was observed that local people inhabiting in surrounding of sugar mills using groundwater for their drinking purpose, which is severely polluted. Plate 3 is an evidence for degradation of soils in the vicinity of sugar mills, which is due to the effects of sugar mills effluents and other waste materials.
According to a recent study conducted by Indus Institute for Research and Education (IIRE) regarding groundwater quality of twelve districts of Sindh province on the left bank of Indus river [12] . The study portrayed that those districts where these sugar industries are disposing their effluents having more deteriorated quality of groundwater. The groundwater quality in terms of percentage of samples having higher TDS values is shown in Table II . Above Table II shows that only Ghotki district had good quality water at all locations. This table has also confirmed that districts of southern Sindh (where LBOD system is available) i.e. from S. No. 6 (Shaheed Benazirabad) to S. 12 (Tharparkar), %age of samples having higher TDS values of groundwater is increasing.
It is obvious that the adjoining areas/districts nearby river Indus have good quality groundwater, which is due to seepage of fresh water from the river. The districts Badin and Tharparkar are far away from the Indus River, consequently groundwater of both districts is highly saline and hence these are highly affected areas in terms of sugarcane industries" effluent.
The groundwater samples were collected from the vicinity of these sugar industries, their analysis is described in Table III as follows. The sugar mills of three districts-Badin, Tando Mohammad Khan and Mirpurkhas-are discharging their untreated effluent into the Nurreuri Lake, destroying not only the freshwater body, but it is also causing outbreak of diseases among the people in the area (see Plate 4) .
The poisonous waste is also "killing" the ecosystem of the freshwater lakes. Amir Shah Drain, which carry the industrial waste of the sugar mills to fresh water Nurruri Lake, the residents complained that drinking water of wells had been turned brackish and poisonous due to chemical waste of the sugar mills. Offensive and suffocating chemical smell of the waste has forced hundreds of people to leave the area on healthier grounds.
Deh Akro-II is wildlife protected area and declared as 1) .
B. Livestock and Wild Life
During field visits, it was found that the livestock including buffalos, cows and goats suffered due to various diseases. Even some of them were died due to consumption of sugar mills effluents discharged into drains, which in the vicinity of villages.
The fish catching birds and aquatic fauna are dependent on the drain system. All wetlands attract local and migratory wildlife, particularly in winter. The contaminated water always threat for wildlife. It was found that the dead birds in the drains due to local sugar industry effluents.
VII. CONCLUSION
The untreated effluents of Sugar Mills from LBOD catchment area highly contains pH, EC, TDS, TSS, BOD5, COD and lower limits of DO, which are causes of degrading of water bodies. Hence, these are unfit and must not be discharged into irrigation and drainage systems. Analyzed values of collected samples of these Sugar Industries demonstrate clearly that no any single in house treatment plant is installed in the Sugar Mills for treating effluents released from Sugar Mills processing.
Untreated effluents discharging from Sugar Mills not only degrade surface water body, fertile soil but also pollute groundwater. Hence, it is suggested that without treatment of wastewater may be not released into irrigation and drainage network, which will toxic water quality for aquatic life and ecological habitat. The treated wastewater of Sugar factories will dilute with fresh water which may be suitable for irrigation and utilizing again for industrial processing. The diluted wastewater of mills may satisfy with National Environmental Quality Standards (NEQS) level to be used for some unusual conditions/areas where irrigation water is in shortage.
It is recommended that legal action must be enforced as per land of law i. [14] . Also it mandatory for the Sugar Factories to install in-house treatment plants to treat the out coming effluent before discharging into the water bodies.
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